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© A delay circuit comprising at least one capacitor 
(209,210) with one electrode thereof is connected to 
a fixed potential (GND), a signal transmission line 
(212), and at least one switch means 
(205,208:211,206,207) between the other electrode 
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of the capacitor and the signal transmission line 
(212). The switch means makes electrical connection 
or disconnection between the capacitor and the sig- 
nal transmission line (212) in accordance with an 
actual supply voltage (Vdd) value. 
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BACKGROUND OF THE INVENTION 

This invention relates to a delay circuit and, 
more particularly, to such a circuit for delaying a 
signal applied thereto by utilizing charging and 5 
discharging a capacitor. 

In an electronic circuit, a delay circuit utilizing 
charging and discharging a capacitor is called an 
analog delay circuit and is widely used to get a 
desired delayed signal. 1Q 

Referring to Fig. 1, a typical analog delay cir- 
cuit, includes an inverter 403 having an input node 
supplied with an input signal 401 and an output 
node connected a line 411 and further to^ one 
electrode of a capacitor 409. The line 41 1 is con- 75 
nected to the input of an inverter 404. The other 
electrode of capacitor 409 is grounded. The in v 
verier 404 outputs a delayed signal 402. The in-V; 
verter 403 consists of a P-channel MOS (referred % 
to as PMOS hereinafter) transistor 412 and a N- 20 
channel MOS (referred to as NMOS) transistor 413 
connected in series with their common gates re- 
ceiving common input signal 401 and with their 
drains connected to the line 411. The source of 
PMOS transistor 412 is connected to a power sup- 25 
ply Vdd and the source of NMOS transistor 413 to 
ground. 

In this circuit, when the input signal 401 is at 
the low level, the PMOS transistor 412 of an in- 
verter gate 403 is in on-state and an NMOS transis- 30 
tor 413 is in off-state. The capacitor 409 is thereby 
charged through the PMOS transistor 412 and the 
line 41 1 to a potential near to supply voltage V D0 . 
The output signal 402 goes to the low level. 

When the input signal 401 changes to the high 35 
level, the PMOS transistor 412 is turned off, and 
NMOS transistor 413 is turned on. Consequently, 
the capacitor 409 is discharged through the NMOS 
transistor 413 and the line 411 to a potential nearby 
equal to the ground potential. The output signal 40 
402 thus goes to the high level. 

In discharging the capacitor 409, there is a 
time constant RC determined by the on-resistance 
R of the NMOS transistor 413 and the capacitance 
C of the capacitor 409. Thus, the output signal 402 45 
responds to the change of input signal 401 from 
the low level to the high level and moves to the 
high level with delay time depending on the time 
constant RC. The on-resistance R of the NMOS 
transistor 413 depends on temperature and other 50 
parameters for transistor manufacture, and further 
varies with the voltage applied to the gate thereof. 
The voltage applied to the gate of the transistor 
413 is determined by the power voltage Vcc. That 
is, depends on a voltage applied to the gate, and 55 
the delay time is also dependent on the power 
voltage and thus changeable in accordance with 
the variation of the power voltage. 



SUMMARY OF THE INVENTION 

It is therefore a major object of the present 
invention to provide a delay circuit representing a 
delay time of a reduced supply voltage depen- 
dence. 

A delay circuit according to the present inven- 
tion comprises a one capacitor having a first termi- 
nal connected to a reference potential, a signal 
transmission line, and at least one switch element 
connected between the other eiectroce of the ca- 
pacitor and the signal transmission line and con- 
trolled to be rendered conductive or nonconductive 
in response to a voltage level of a power supply 
voltage. 

The switching element can be composed of at 
least one NMOS transistor or PMOS transistor. 
When the power supply voltage value becomes 
lower than the threshold value of the transistor, the 
transistor is turned OFF. 

In a preferred embodiment, there are provided 
a plurality of capacitors each having one electrode 
connected to the reference potential and one or a 
plurality of series-connected MOS transistors, each 
with the gate thereof connected to the drain there- 
of, connected between the other electrode of each 
capacitors and the signal transmission line. 

With the above construction, when the power 
supply voltage is lowered, the capacitor is discon- 
nected from the signal transmission line. As a 
result, the time constant is reduced to such a level 
as determined by a stray capacitance of the signal 
transmission line and a resistance of a driving 
circuit for the signal transmission line. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, advantages and 
features of the present invention will be more ap- 
parent from the following description taken in con- 
junction with the accornfahying drawings, in which 

Fig. 1 is a circuit diagram illustrative of prior art; 

Fig. 2 is a circuit diagram showing a delay 

circuit according to an embodiment of the 

present invention; 

Fig. 3 is a circuit diagram sowing another em- 
bodiment of the present inveffpn; 
Fig. 4 is a circuit diagram sh|wing still another 
embodiment of the present invention; and 
Figs. 5A and 5B are circuit diagram of a two- 
phase clock generator having delay circuits ac- 
cording to the present invention and a timing 
chart indicative of an operation of the generator, 
respectively. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



Before describing the embodiments of the 
present invention, an application circuit of a delay 
circuit will be first described below with reference 
to Fig. 5. Shown in Fig. 5A is a two-phase clock 
generator having delay circuits according to the 
present invention. This generator includes a cross- 
coupled pair of circuits each including a two-input 
AND gate 106 (107) into one input of which a 
signal 101 (102) is supplied, a delay circuit 105 of 
which the output is connected to the other input of 
the AND gate 106 (107), and an inverter 108 (109) 
of which the output is connected to the delay 
circuit 105 and the input is connected to the output 
of the AND gate 107 (106). The output of the gates 
106 and 107 are lead out as output terminals 103 
and 104, respectively, which in turn generate two- 
phase clock signals. These clock signals are widely 
used as internal clocks of microcomputers. 

Referring to the timing chart of Fig. 5B, the 
operation of the two-phase clock generator will be 
set forth. As understood from the chart, the two- 
phase clock generator generates, from a pair of 
input signals 101 and 102 having the inverted logic 
relationship to each other, two-phase clock signals 
103 and 104 not overlapping during active high 
level period. That is, there are inactive low level 
periods as indicated by the reference numeral 110 
between the two-phase clock output signals 103 
and 104. These periods 110 are derived by mask- 
ing the clock signals 101 or 102 by the output of 
each delay circuit 105 as determined by its delay 
time. 

To implement the high-speed operation of the 
microcomputer, it is preferred to reduce the inac- 
tive low level period as short as possible without 
bringing a malfunction of the microcomputer. 

Referring now to Fig. 2, the delay circuit 105 
includes an input terminal 201 receiving the output 
of the inverter 108 (109) is connected to the input 
of an inverter 203. The output of the inverter 203 is 
connected to a signal transmission line 212 to 
another inverter 204 from which an output signal 
202 is in turn derived. The line 212 is further 
connected an NMOS transistor 205 having the gate 
connected to the drain and further to a capacitor 
209 which is grounded. The line 212 is also con- 
nected through two series-connected NMOS tran- 
sistors 206 and 207 each with the gate connected 
to the drain to a capacitor 210 which is grounded. 
The input terminal 201 is further connected to the 
gate of a PMOS transistor 208 whose drain is 
connected to the node between the drain of the 
NMOS transistor 205 and the capacitor 209, and 
further to the gate of a PMOS transistor 21 1 whose 
drain connected to the node between the drain of 



the NMOS transistor 207 and the capacitor 210. 
The sources of these transistors 208 and 21 1 are 
connected to the power supply terminals Vdd. 
Each of the inverters 203 and 204 is a complemen- 
5 tary MOS inverter consisting of a pair of PMOS 
and NMOS transistors similarly to the inverter gate 
403 shown in Fig. 1 . 

The operation of the delay circuit of this em- 
bodiment will be described below. Firstly the op- 
w eration will be described assumming that supply 
voltage Vdd is enough higher than twice the thresh- 
old voltage Vt of each of the NMOS transistors 205 

206 and 207. 
When the input signal 201 is at low level, the 

is output of the inverter 203 goes to the high level 
thereby turning NMOS transistors 205, 206 and 

207 off. Hereinafter, the high level is referred to as 
Vdd level, and the low level as GND level to 
distinguish that the high level is a potential varying 

20 with changing supply voltage Vdd. 

On the other hand, the PMOS transistors 208 
and 211 are turned on so that the capacitors 209 
and 210 are charged to the Vdd level. The output 
202 is at the GND level. 
25 When the input signal 201 changes to Vdd 

level, both the PMOS transistors 208 and 211 are 
turned off. and the output of the inverter 203 
changes from Vdd level to GND level, thus line 212 
going to the GND level. Then all the gate-source 
30 voltages of the NMOS transistors 205, 206 and 207 
exceeds the threshold voltage Vt, and consequent- 
ly they are turned on. 

Under the circumstances where the output of 
the inverter 203 is at GND level and hence the 
35 NMOS transistors 205, 206 and 207 are in the on- 
state, the charges accumulated on capacitors 209 
and 210 are released through these NMOS transis- 
tors and the NMOS transistor (not shown) of the 
inverter 203, and consequently the line 212 will 
40 drop gradually to GND level. 

When the line 212 reaches the GND level, 
output 202 is inverted to Vdd level but with delay 
of the time taken for the capacitors 209 and 210 to 
be discharged. 
45 Next, the operation will be described assuming 

that supply voltage Vdd is somewhat higher than 
the threshold voltage Vt. When the input signal 201 
is at GND level, the output of the inverter 203 goes 
to the Vdd level. Accordingly all the NMOS transis- 
50 tors 205, 206, 207 are turned off-and both PMOS 
transistors 208, 21 1 are turned on. Consequently 
the capacitors 209, 210 are charged. In this case 
the output 202 goes to the GND level. 

Now, once the input signal 201 changes from 
55 the GND level to the Vdd level, both PMOS transis- 
tors 208. 211 are turned off, and the output of the 
inverter 203 goes to the GND level. 
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This change of the output of the inverter 203 to 
the GND level turns onlythe NMOS transistors 205 
on. Consequently the charge accumulated into the 
capacitor 209 is released through this NMOS tran- 
sistor 205 and the NMOS transistor (not shown) of 
the inverter 203. Thus the line 212 connected to 
the output of inverter gate 203 drops gradually to 
GND level. When line 212 reaches GND level, the 
output 202 is inverted to Vdd level but with a delay 
of the time taken for the capacitor 209 to be 
discharged. 

Unlike when supply voltage Vdd is enough 
higher than twice the threshold voltage Vt of the 
NMOS transistors 205, 206, 207, in this case 
NMOS transistors 206, 207 will not be turned on, 
and hence the capacitor 210 remains disconnected 
from line 212. 

When the supply voltage Vdd further drops to 
a lower voltage than the threshold voltage Vt of 
each of the NMOS transistors 205, 206. 207, these 
NMOS transistors are turned off. Consequently, the 
capacitors 209, 210 remain electrically disconnect- 
ed from the line 212. In this case, the delay time 
associated with the trailing edge of the output sig- 
nal of the inverter 203 is determined by time con- 
stant RCi and this capacitance value Ci contains 
only the parasitic or stray capacitance of the line 
212. 

In the delay circuit of this embodiment, the 
charges of the capacitors 209, 210 are released 
through the NMOS transistor of the inverter 203. As 
described above, the on-resistance of the MOS 
transistor becomes larger as the gate voltage be- 
comes lower, and accordingly the discharge time 
increases with decreasing supply voltage Vdd. On 
the other hand, in the delay circuit of this embodi- 
ment, when the supply voltage Vdd drops, the 
capacitors are selectively disconnected from the 
line 212 in accordance with the dropped supply 
voltage value. In this way it is possible to reduce 
change in the discharge time, contributing to re- 
ducing the variation of delay time due to supply 
voltage variation. 

Furthermore instead of the construction of Fig. 
2 in which the input 201 is connected through the 
PMOS transistor 208 to the capacitor 209 and 
through the PMOS transistor 21 1 to the capacitor 
210, it may be allowed to use only one PMOS 
transistor such as 208 having a drain connected in 
common to both the capacitors 209 and 210. 

The above delay circuit can be simplified in 
circuit construction when there is no need for pre- 
cise adjustment of the capacitance value. Such a 
simplified delay circuit is shown in Fig. 3 as an- 
other embodiment of the present invention. This 
circuit includes two inverters 303 and 304, a ca- 
pacitor 309 and one NMOS transistor 305 which 
are connected as shown. In particular, the NMOS 



transistor 305 is connected between the signal 
transmission line 310 and the capacitor 309. When 
supply voltage Vdd is lower than the threshold 
voltage Vt of the transistor 304, the MOS transistor 

5 305 is turned off to disconnect the capacitor 309 
from the line 310. 

Turning to Fig. 4, delay circuit according to still 
another embodiment of the present invention em- 
ployes, in place of the NMOS transistor 305 shown 

to in Fig. 3, a PMOS transistor 505 having the front 
gate grounded and the back gate connected to 
Vdd. When the supply voltage Vdd is lower than 
threshold voltage Vt of the PMOS transistor 505, 
this transistor is turned off to disconnect the ca- 

75 pacitor 305 from the line 310. 

The circuit simulation of the above-mentioned 
embodiments with MOS transistor models manu- 
factured in a specified process gave the results 
that the difference in delay time between at supply 

20 voltages of 5 V and at 1.8 V was 23 ns for the 
delay circuits according to the present invention, 
which was reduced compared with 33 ns for the 
conventional delay circuit. This proves that the 
variation in delay time due to the change in supply 

25 voltage from 5 V to 1 .8 V is improved as much as 
about 30 % over the conventional delay circuit. 

The embodiments of the present invention 
which have been described above are not to be 
considered as limiting the scope thereof but may 

30 be changed and modified within the scope of the 
spirit of the present invention. For example, in the 
place of two capacitors 209. 210 in the first em- 
bodiment, a construction can be applied which 
consists of two or more capacitors, and two or 

35 more series-connected NMOS transistors connect- 
ed between the capacitors and the line so that the 
delay time is more finely adjustable according to 
the potential level of supply voltage Vdd. 

As described above, the delay circuit of the 

40 present invention has the construction that the ca- 
pacitance associated with the signal transmission 
line varies with the supply voltage, and thereby the 
dependence of the delay time on the supply volt- 
age is remarkably improved. The circuit simulation 

45 with MOS transistor models manufactured under 
some manufacture conditions gave the results that 
the difference in delay time between at supply 
voltages of 5 V and at 1.8 V was 23 ns for the 
delay circuits according to the present invention 

50 and 33 ns for the conventional delay circuit. Thus 
the present invention has proved to improve 
change in delay time as much as about 30 %. 

Furthermore according to the present invention, 
there are provided a plurality of capacitors and at 

55 least one MOS transistor between each capacitor 
and the signal transmission line. The capacitors are 
controlled to be selectively disconnected from the 
signal transmission line in accordance with the 
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actual supply voltage so that the capacitance which 
are essential for determining the time constant can 
be finely adjusted. Thus the variation in delay time 
associated with change of the supply voltage is 
remarkably reduced. 

Additionally according to the present invention 
one MOS transistor is provided between the ca- 
pacitor and the signal transmission line so as to be 
turned off when the supply voltage is lower than 
the threshold voltage of the MOS transistor. This 
simplified construction can reduce the variation in 
the delay time depending on the supply voltage 
variation in a delay circuit needing no fine adjust- 
ment of the capacitance. 

Claims 

1. A delay circuit comprising a capacitor having a 
first electrode and a second electrode con- 
nected to a reference potential, a signal trans- 
mission line, and at least one switch element 
connected between the first electrode of said 
capacitor and said signal transmission line, 
said switch element being controlled to be 
conductive or nonconductive in accordance 
with a voltage representative of a level of a 
power supply voltage. 

2. The circuit as claimed in claim 1, wherein said 
voltage is a voltage difference between said 
signal transmission line and said capacitor. 

3. The circuit as claimed in claim 2, wherein said 
switch element comprises a transistor having a 
gate connected to the first electrode of said 
capacitor, said delay circuit further comprises 
means for charging, said capacitor while said 
transistor is being nonconductive. 

4. The circuit as claimed in claim 1, said switch- 
ing element comprises a transistor having a 
gate supplied with said power supply voltage. 

5. A delay circuit comprising a capacitor having a 
first electrode and a second electrode con- 
nected to a reference potential, a signal trans- 
mission line, a drive circuit driving said signal 
in response to a signal applied thereto, a tran- 
sistor having a gate supplied with a power 
supply voltage and a source-drain path con- 
nected between the first electrode of said ca- 
pacitor and said signal transmission line. 
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7. The circuit as claimed in claim 5, wherein said 
transistor is of a P-channel type and has the 
gate supplied with said reference potential as 
said power supply voltage. 

8. A delay circuit comprising first and second 
capacitors each having a first electrode and a 
second electrode connected to a fixed poten- 
tial, a signal line, a first switching circuit having 
at least one diode-connected transistor and 
coupled between said signal line and the sec- 
ond electrode of said capacitor, and a second 
switching circuit having at least two diode- 
connected transistors and coupled between 
said signal line and the second electrode of 
said second capacitor. 



9. 



The circuit as claimed in claim 8. further com- 
prising a drive circuit responding to a signal 
and driving said signal line, and a charging 
circuit responding to said signal and charging 
each of said first and second capacitors. 



The circuit as claimed in claim 5, wherein said 
transistor is of an N-channel type and has the 
gate supplied with said power supply voltage 
higher than said reference potential. 
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